Outcome measures: Patient characteristics and risk of non-persistence compared to apixaban using Cox regression models over the entire follow-up and using a time-partitioned approach to handle non-proportional hazards.
INTRODUCTION Background
Atrial fibrillation (AF) is the most commonly sustained arrhythmia with an incidence of 1.7 per 1000 person-years in the UK. 1 More commonly affecting males than females and those in older age, 2 3 AF can reduce quality of life and mental health, and is associated with increased risk of morbidity and mortality. 4 5 Strokes due to AF tend to be ischaemic strokes-one in five ischaemic strokes can be attributed to AF. 6 This high risk and potentially devastating impact of a stroke demands preventative treatment to be a vital component of care in patients with AF.
Strengths and limitations of this study
▪ Owing to its relatively recent licencing, little is known on the use of and persistence with the novel oral anticoagulant, apixaban, for stroke prevention in non-valvular atrial fibrillation. ▪ This study uses a large, representative, wellvalidated UK primary care database to examine patient characteristics and treatment persistence with oral anticoagulants. ▪ Furthermore, the use of a large database allows comparison of persistence with other oral anticoagulants to apixaban. ▪ Electronic health records can contain considerable levels of missing data, may lack confounders appropriate for this study and is open to misclassification bias.
Traditionally, vitamin K antagonists (VKAs) such as warfarin have been used as anticoagulation therapy for stroke prevention in AF; however, these drugs have a narrow therapeutic window that forces regular monitoring and dietary restrictions. 7 Consequently it is difficult to maintain anticoagulation with VKA therapy within the therapeutic range, 8 leading to a significant risk of stroke if insufficiently anticoagulated. Studies have found poor persistence with VKA in AF; over a quarter of users stop treatment within a year of initiation. [9] [10] [11] In recent years, novel oral anticoagulants (NOACs) have been developed, changing the landscape of stroke prevention in non-valvular AF (NVAF). Currently (as of September 2015), the NOACs licenced for stroke prevention in NVAF in the UK are dabigatran, rivaroxaban, apixaban and edoxaban. 12 13 These drugs were developed to be simpler to use by taking away the need for regular monitoring, and to have lesser side effects. 14 15 However, all OACs have the potential for causing adverse bleeding events, which is a common reason for stopping anticoagulant treatment. 16 17 Clinical trials have shown promising results in terms of the safety of NOACs relative to VKAsthe ARISTOTLE trial found lower bleeding and mortality rates with apixaban over warfarin, 18 and the RE-LY trial found low dose dabigatran was associated with lower rates of major haemorrhage compared to warfarin. 19 An understanding of persistence can provide insight into the tolerability, safety and effectiveness of a drug. However, there is little real-world evidence on the comparative persistence of OACs, particularly on apixaban due to its relatively recent licencing for this indication. Early findings from a US claims data study suggest improved persistence with apixaban over rivaroxaban, dabigatran and VKA, 20 which has been somewhat supported by a regional claims data study in Sweden, except that they found persistence to be similar between VKA and apixaban. 21 Other real-world studies of persistence have compared VKA with a mixed treatment group of patients on any NOAC, which can have limited interpretability. 22 Real-world data studies are key to understanding drug persistence outside clinical trials. Clinical trial settings are heavily monitored and participants unlikely to be reflective of those who are prescribed the drug in clinical practice, potentially inflating observed persistence. Real-world data can demonstrate drug use in a natural environment with clinical factors and personal preferences playing a part in how well the drug is adhered to. Additionally, real-world data studies can provide an understanding, via assessment of patient characteristics, of whether we could expect differences in outcomes due to systematic differences between treatment groups in terms of prognostic factors-this is known as channelling bias, which can impact pharmacoepidemiological studies of safety and effectiveness. 23 
Aim
The aim of this study is to provide real-world evidence on the early persistence of OAC use for stroke prevention in people with NVAF in a period where there were four OACs available for this indication. In this paper, we describe the characteristics of people with NVAF who are newly prescribed OACs for stroke prevention, estimate OAC persistence rates and compare the persistence rates of the newly prescribed OACs in routine clinical practice in the UK.
METHODS

Study design
This was a cohort study of patients with NVAF who were newly initiated an OAC during routine clinical practice in the UK identified with retrospective data from the Clinical Practice Research Datalink (CPRD). The CPRD contains anonymised medical records for patients registered at general practices in the UK (currently around 7% of the UK population). 24 It contains information recorded during routine clinical practice, for example, medical diagnoses, prescriptions issued and diagnostic tests. This study was approved by the Independent Scientific Advisory Committee ( protocol number 14_215R) and is registered on ClinicalTrials.gov (identifier NCT02488421).
Study population
We identified adults with NVAF who newly initiated an OAC during the study period 1 December 2012 to 31 October 2014. During this period, there were four OACs available for stroke prevention in NVAF-the traditionally prescribed VKAs and three NOACs dabigatran, rivaroxaban and apixaban. Apixaban was licenced for this indication at the beginning of the study period. Since apixaban could not have been prescribed before the study period, patients prescribed apixaban would be newly prescribed. Patients in the rivaroxaban, dabigatran and VKA cohorts were therefore also required to be newly prescribed. For each newly prescribed OAC, we defined the index date at the start of the newly prescribed OAC in the study period. All patients were aged 18 years or older at the index date and had at least 12 months of computerised medical records prior to this date. The patients and practices met CPRD's research quality. 24 We excluded patients who did not have a record of an AF diagnosis on or before index date and patients who had a record for a valvular condition (moderate-severe mitral stenosis and prosthetic heart valves) on or before to index date. We excluded patients with a prescribing history of the index OAC before the index date as the index OAC was not new in this instance.
Among the patients who met these criteria, the study population was categorised into those who were OAC naïve, that is, had no history of any OAC prior to the index date, and those who were OAC experienced (ie, had history of a different OAC prior to index date). The main group of interest examined in this study are OAC naïve patients and the results presented in this paper focus on this subpopulation. Within these subsets of the study population, patients were further allocated to an OAC cohort determined by the newly prescribed OAC on the index date. Time varying exposures were allowed for; patients could be in more than one OAC cohort if they were newly prescribed more than one OAC over the study period (figure 1). 25 Definition of OAC treatment persistence We grouped together consecutive prescriptions of the same OAC for each patient from the first record in their history to the end of follow-up (ie, earliest of end of study period, last data collection, leaving the practice or death) to form treatment lines. We estimated the duration of each prescription to assign prescription end dates. We used duration if provided in the data, else, we calculated duration based on quantity and daily dose. Where this information was not available, we imputed the overall median duration for that OAC.
We defined a 'discontinuation period' as twice the median duration of a single prescription: apixaban, rivaroxaban and VKA had a median duration of 28 days, dabigatran 30 days, giving discontinuation periods of 56 days and 60 days, respectively. As per Zalesak et al, 10 this is a clinically relevant length of time, in which a patient is expected to fill the next prescription should they choose to continue treatment. We measured the gap between the end of each prescription and the date of the next prescription and defined a treatment line as discontinued if: ▸ The gap was more than the length of the discontinuation period;
▸ There were more than the length of the discontinuation period between the end of the treatment line and the end of follow-up. A switch occurred if a different OAC was introduced into the regimen or within the discontinuation period following the end of the treatment line. We extended VKA treatment lines to include international normalised ratio (INR) records (as INR is only recorded if being treated with VKA) by assigning INR records with the median duration observed for prescriptions of VKA. In addition, for every VKA treatment line, a 30-day grace period was added to the end of the treatment line to allow for modifications in the weekly dose not reflected in the original prescription.
For the index treatment line, we defined it as persistent if there was no regimen change (ie, discontinuation or switch). Persistence was not assessed for treatment lines with an insufficient amount of follow-up data (length of discontinuation period or less ie, 56 days or less for apixaban, rivaroxaban and VKA or 60 days or less for dabigatran).
Statistical analyses
Demographic (age, gender and country) and clinical characteristics (time since AF diagnosis, history of stroke risk factors, CHA 2 DS 2 VASc score (where ≥2 indicates high stroke risk), bleeding events, HAS-BLED score (where ≥3 indicates high bleeding risk), co-medication use) were described in the OAC naïve and OAC experienced groups and within each OAC cohort.
In patients where persistence was assessed, we calculated the proportion of patients who were persistent over the course of follow-up; of those who were non-persistent, we calculated the proportion of patients who discontinued and switched therapy. We calculated cumulative incidence rates of persistence (accounting for the competing risk of death), the number of patients at risk and the number censored over the entire follow-up period available and at specific time periods (3, 6 and 12 months) of follow-up for each OAC cohort. We presented cumulative incidence curves to illustrate the rate of non-persistence over the follow-up time in each OAC cohort.
We compared apixaban persistence with each of the other OACs using marginal Cox regression methods to model time to non-persistence over the whole of patients' follow-up. Differences in follow-up time were accounted for through non-informative censoring at the earliest of leaving the practice, last data collection or the end of study period. We also censored on death which, although death is a competing risk for non-persistence in the data, yields an unbiased estimate of the causespecific HR from Cox regression models. We reported HRs and associated 95% CIs, showing the average effect over the course of follow-up. To assess the proportionality assumption, we examined Schoenfeld residuals. Since non-proportional hazards were observed, we performed a post hoc analysis; a time-partitioned approach to compare persistence between OAC cohorts in separate periods of follow-up. We partitioned follow-up by identifying (through the cumulative incidences) that the pattern of VKA persistence changed at 60 days. We adjusted the HRs for differences in baseline characteristics and variables of clinical interest by starting with the full model and undertaking a significance-based manual backward selection approach; variables with evidence at the 5% level of being associated with persistence were included. The full model from which the adjusted model was derived included gender, age at index date, country (England, Wales, Scotland and Northern Ireland), smoking status (current smoker, ex-smoker and never smoked), history of stroke risk factors (stroke or transient ischaemic attack (TIA), thromboembolism, congestive heart failure, vascular disease, hypertension, diabetes), history of any bleeding, history of liver disease, concomitant therapies prescribed on or up to 3 months after the index date ( parenteral anticoagulants, aspirin, other antiplatelets and non-steroidal antiinflammatory drugs). No imputation of missing data was undertaken and a complete case analysis was conducted whereby patients without a smoking status were not included in the full model.
We conducted two sensitivity analyses. Cumulative incidence rates of persistence were reanalysed using a 30-day discontinuation gap instead of 60 days. The shorter period has been used in another study, 16 and this sensitivity analysis allowed us to observe the extent to which this altered the level of non-persistence. Cumulative incidence rates of non-persistence were also reanalysed without using INR records to extend the VKA treatment lines. This assumption was made to account for VKA prescribing outside of primary care; by relaxing it in the sensitivity analysis, we aimed to facilitate comparisons with other studies which have not used INR records.
All analyses were conducted in SAS V.9.4 (SAS Institute, Cary, North Carolina, USA).
RESULTS
Cohort allocation
There were 15 242 adults with NVAF who were newly prescribed an OAC between 1 December 2012 and 31 October 2014, of which 13 089 (85.9%) were OAC naïve. Within the OAC naïve group, VKAs were the dominant OAC, newly prescribed to 78.1% of the study population (n=10 218). This was followed by rivaroxaban (12.1%, n=1589), dabigatran (5.7%, n=741) and apixaban (4.1%, n=541). There were 2978 index exposures among 2861 patients where other OACs had been used before that is, OAC experienced. In this group, rivaroxaban was dominant (52.9%, n=1576) followed by dabigatran (27.3%, n=814), apixaban (16.2%, n=482) and VKA (3.6%, n=106).
In the OAC naïve group, the median time from AF diagnosis to OAC initiation varied slightly across the OAC cohorts-just over a month in the VKA cohort (1.3, IQR 0.4 to 7.9), 2 months in the apixaban cohort (2.0, IQR 0.5 to 21.2) and two and a half months in the rivaroxaban (2.6, IQR 0.5 to 35.5) and dabigatran (2.6, IQR 0.5 to 34.6) cohorts (table 1) . New use of VKA declined over time, while an increasing proportion of patients were started on rivaroxaban or apixaban during the study period. Median follow-up time from index date was 4 months in apixaban patients (IQR 2.1 to 7.3), 5.8 months in rivaroxaban patients (IQR 2.6 to 11.0), 9.4 months in dabigatran patients (IQR 4.2 to 15.6) and 10.3 months in VKA patients (IQR 5.0 to 15.9).
Characteristics
Slightly more than half of the OAC naïve patients were male (55.4%, n=7250) (table 1). The majority of patients starting OACs were older, with a median age at index date of 75 years (IQR 68 to 82). Age was similar across the OAC cohorts, with median age ranging from 74 years (dabigatran cohort, IQR 66 to 81) to 77 years (rivaroxaban cohort, IQR 70 to 83).
Stroke risk was high among all OAC cohorts, ranging from 80.2% with a CHA 2 DS 2 VASc score ≥2 in the dabigatran cohort to 88.4% in the apixaban and rivaroxaban cohorts (table 1 and figure 2). A history of stroke/TIA was more common among NOAC users (21.1% overall), than VKA users (15.9%) and was the highest in the apixaban cohort (23.7%) (table 1 and figure 3) . A HAS-BLED score of ≥3, representing a high risk of bleeding, was observed in ∼75% of the overall population, from 72.1% in the dabigatran cohort to 76.7% in the rivaroxaban cohort (table 1 and figure 2). History of any bleeding events was common in 27.5% of the Please note the following characteristics are not presented due to low numbers (<5) in one or more of the OAC cohorts: thromboembolism (n=38), liver disease (n=74), parenteral anticoagulants (n=161), rifampicin (n=1) and cytochrome P450 inhibitor (n=34). *Labile international normalised ratio is also a component of the HAS-BLED score but was not included as there is incomplete international normalised ratio recording in CPRD. The HAS-BLED score therefore ranges from 0 to 8. †Other bleeding includes intraocular, pericardial, urinary, intra-articular and lung bleedings. Any bleeding includes gastrointestinal, intracranial and other bleeding. figure 3 ). Concomitant therapy ( prescribed on index date or within 3 months after index date) with antiplatelets was higher in the VKA cohort than the other OAC cohorts-23.6% were also prescribed antiplatelet therapy in the VKA group, compared to 18.5%, 14.7% and 8.7% in the dabigatran, rivaroxaban and apixaban groups, respectively (table 1) . The demographic characteristics of patients in the OAC experienced group (ie, patients not naïve at index date) were similar to that of the OAC naïve group. However, the median time since AF diagnosis was more varied between the OAC cohorts than in the OAC naïve group: VKA 0.5 months (IQR 0.1 to 1.6), dabigatran 3.4 months (IQR 1.0 to 7.5), rivaroxaban 4.5 months (IQR 1.5 to 9.1) and apixaban 3.7 months (IQR 1.2 to 7.7; table 2). A history of some stroke risk factors were more common in the OAC experienced group than the OAC naïve group, namely stroke/TIA (overall 27.3% vs 17.0%, respectively), congestive heart failure (overall 20.1% vs 11.8%, respectively) and vascular disease (overall 30.4% vs 27.0%, respectively; tables 1 and 2). Patients in the OAC experienced group also had a higher prevalence of bleeding-related events (gastrointestinal ulceration, gastrointestinal bleeding, intracranial bleeding, other bleeding, any bleeding and liver disease) in their history compared to the OAC naïve group (table 2) .
Persistence
Of the 13 089 OAC naïve patients, persistence was assessed for 11 657 patients (89.1%) (9303 VKA, 1275 rivaroxaban, 656 dabigatran and 413 apixaban) who had a sufficient amount of follow-up (ie, more than the length of the discontinuation period between the index date and the end of follow-up). Overall persistence at the end of follow-up was 70.6% (95% CI 68.9% to 72.3%) among VKA patients, 62.5% (95% CI 57.5% to 67.6%) among dabigatran, 67.6% (95% CI 62.9% to 72.2%) among rivaroxaban and 82.8% (95% CI 76.8% to 87.9%) among apixaban patients (table 3) . Around two-thirds of non-persistence was owing to discontinuation of therapy and one-third was owing to switch to another OAC. The pattern of persistence changed over the course of treatment (table 3 and figure 4). At 3 months' follow-up, persistence was high across all OAC cohorts ranging from 84.1% (95% CI 81.2% to 86.8%) in dabigatran users to 93.4% (95% CI 93.4% to 94.4%) in VKA users. At 6 months, the pattern changed with apixaban users having the highest rate of persistence (apixaban 88.2% (95% CI 84.5% to 91.3%); VKA 87.0% (95% CI 86.2% to 87.7%); rivaroxaban 80.7% (95% CI 78.4% to 83.0%); dabigatran 74.2% (95% CI 70.6% to 77.6%)). Persistence remained highest with apixaban at 12 months (82.8%, 95% CI 76.8% to 87.9%) followed by VKA (77.8%, 95% CI 76.8% to 78.7%), rivaroxaban (73.1%, 95% CI 70.0% to 76.2%) and was the poorest in dabigatran users (66.7%, 95% CI 62.6% to 70.7%) (table 3). However, it should be noted that the number of patients assessed at 12 months was particularly low in the apixaban cohort (n=70) compared to the other OACs (rivaroxaban n=493, dabigatran n=377, VKA n=4979).
Adjusted analyses over the whole of follow-up indicated that, on average, non-persistence was comparable between VKA and apixaban (HR 0.92, 95% CI 0.68 to 1.23) but more likely with dabigatran and rivaroxaban than apixaban (HR 1.67, 95% CI 1.20 to 2.32 and HR 1.41, 95% CI 1.02 to 1.93, respectively). Using the timepartitioned approach and adjusted model, we observed that in the first 2 months of treatment VKA patients were less likely to be non-persistent than apixaban patients (HR 0.33, 95% CI 0.22 to 0.48) and dabigatran patients were more likely to be non-persistent than apixaban patients (HR 1.65, 95% CI 1.08 to 2.52). There was a borderline statistically significant difference between rivaroxaban and apixaban persistence (HR 1.49, 95% CI 1.00 to 2.22) (table 4). Those on VKA became more likely to be non-persistent than apixaban patients after the first 2 months of treatment (HR 1.70, 95% CI 1.08 to 2.66) and patients on dabigatran were twice as likely to be nonpersistent than patients on apixaban (HR 2.10, 95% CI 1.30 to 3.41). There was no evidence of a difference between rivaroxaban and apixaban persistence (HR 1.58, 95% CI 0.98 to 2.55) after 2 months of treatment. Please note the following characteristics are not presented due to low numbers (<5) in one or more of the OAC cohorts: Wales (n=4), thromboembolism (n=16), GI ulceration (n=188), intracranial bleeding (n=74), liver disease (n=20), parenteral anticoagulants (n=17), selective serotonin reuptake inhibitor (n=296), rifampicin (no events) and cytochrome P450 inhibitor (n=25). 'N*' represents the number of OAC exposures as patients could have multiple OAC exposures during the study period and be in multiple cohorts. However, gender and country do not vary across exposures and are therefore reported once for each patient (ie, 'N' represents the number of patients).
†Other bleeding includes intraocular, pericardial, urinary, intra-articular and lung bleedings. Any bleeding includes gastrointestinal, intracranial and other bleeding. ‡Labile international normalised ratio is also a component of the HAS-BLED score but was not included as there is incomplete international normalised ratio recording in CPRD. The HAS-BLED score therefore ranges from 0 to 8. §Concomitant therapy: prescribed on index date or within 3 months after index date. ¶Other antiplatelet therapy includes abciximab, clopidogrel, dipyridamole, prasugrel, ticagrelor, ticlopidine and tirofiban. CPRD, Clinical Practice Research Datalink; OAC, oral anticoagulants. †Number of patients at who remain 'at risk' of non-persistence after the specified time point. ‡Number of patients censored before the specified time point due to non-persistence, leaving the database, end of the study period or death. OAC, oral anticoagulants. Figure 4 Cumulative incidence of non-persistence among OAC naïve patients. OAC, oral anticoagulants; VKA, vitamin K antagonists.
When the analysis was expanded to include NOAC patients who were not naïve to therapy (N=14 063), the comparative likelihood of non-persistence was similar to that observed in the naïve group. Overall, rivaroxaban and dabigatran users remained more likely to be nonpersistent than apixaban users (HR 1.26, 95% CI 1.02 to 1.55 and HR 1.68, 95% CI 1.35 to 2.09 respectively). In the adjusted partitioned analyses, non-persistence was less likely in VKA patients (HR 0.28, 95% CI 0.21 to 0.37) and more likely among dabigatran users (HR 1.56, 95% CI 1.20 to 2.03) compared to apixaban in the first 2 months of follow-up (table 5) . After the first 2 months, non-persistence was higher in VKA, dabigatran and rivaroxaban users compared to apixaban (HR 1.81, 95% CI 1.30 to 2.53; HR 2.32, 95% CI 1.63 to 3.31; HR 1.69, 95% CI 1.19 to 2.39 respectively).
In the sensitivity analyses, using a 30-day discontinuation period lowered the persistence rates as expected: for example, apixaban persistence at 12 months fell from 82.8% (95% CI 76.8% to 87.9%) to 67.8% (95% CI 60.0% to 75.3%); rivaroxaban from 73.1% (95% CI 70.0% to 76.2%) to 61.9% (95% CI 58.4% to 65.3%); dabigatran from 66.7% (95% CI 62.6% to 70.7%) to 53.0% (95% CI 48.8% to 57.4%); and VKA from 77.8% (95% CI 76.8% to 78.7%) to 68.4% (95% CI 67.3% to 69.5%). The removal of INR records from VKA persistence also lowered VKA persistence: the 12-month VKA persistence changed from 77.8% (95% CI 76.8% to 78.7%) to 61.2% (95% CI 60.0% to 63.4%).
DISCUSSION
This study examined patient characteristics and persistence rates of patients with NVAF newly initiated on OACs between 1 October 2012 and 31 December 2014 in the real-world setting of routine UK clinical practice. Patients newly initiated on OACs in the study period had, overall, a high baseline risk of stroke and bleeding, which varied depending on which OAC was prescribed and whether they were new to therapy. Despite early patterns of persistence changing over time since OAC initiation, comparatively, patients prescribed apixaban showed improved persistence over rivaroxaban, dabigatran and VKAs.
This study provides real-world evidence on the early persistence of apixaban and other OACs in people with NVAF and is the first to provide real-world evidence on the comparative persistence of apixaban in NVAF in the UK. There are several strengths to this study. The database we have used is a comprehensive, well-validated primary care database from the UK which captures a large population of patients with diagnosis of AF. 24 26 27 The advantage of using, specifically, a UK primary care database is twofold. First, the gatekeeper system in the UK restricts consultation with a specialist to those referred from a general practitioner (GP), thus our sample should be representative of patients with AF. Second, in the UK, it is the GP who is responsible for prescribing, thus primary care data should capture the vast majority of treatment (except for in emergency situations) allowing us to observe the treatment patterns in the data.
A further strength of this study is that the database provided information on INR tests. This allowed us to account for possible changes to dosing and prescriptions as a result of INR testing, which normally occurs outside of primary care. This extended the VKA treatment lines and we considered this approach to be conservative; this was confirmed through a sensitivity analysis which used VKA treatment lines without INR records and grace period and resulted in an increase in VKA nonpersistence and a higher proportion of discontinuation in particular.
We used a discontinuation period of ∼60 days, which is a length supported by investigations from Zalesak et al 10 -they found over 90% of patients who filled a subsequent prescription of dabigatran or warfarin had done this within 60 days of the last prescription. A sensitivity analysis using 30 days in our study resulted in high levels of non-persistence indicating 60 days was a more plausible approach.
There are also limitations to this study. Despite the majority of prescribing in the UK being conducted through primary care, secondary care prescribing is possible and unlikely to be recorded in primary care data. For AF, in some parts of the UK, healthcare professionals are advised that treatment is started by a secondary care consultant and, continued by GPs. 28 In these areas, there may be a lack of data captured on initial OAC use; however, subsequent prescriptions will be observed in the data. Overall the length of this potential interval between treatment initiated outside of primary care and prescriptions observed in primary care may be around a month and a half as indicated by the average time observed between AF diagnosis and OAC initiation among OAC naïve patients.
The presented results are focused on patients who are naïve to OAC therapy. It should be borne in mind that patients started on a NOAC instead of a VKA may represent a different group of patients since VKA has been the usual standard of care and is cheaper to prescribe than the NOACs. Our examination of the patient characteristics across the OAC cohorts was consistent with this as we found that a slightly higher proportion of patients had a history of stroke and intracranial bleeding events in the NOAC cohorts than the VKA cohort. The use of CPRD data has enabled the assessment of these characteristics and the adjustment of a wide range of variables when comparing persistence. However, there are limitations to using primary care data such as missing data (eg, smoking status) which can contribute to residual confounding, a problem which can affect all observational studies and is likely to be present in this study. Also, lack of detail on diagnoses, for example, bleeding resulting in hospitalisation and minor bleeds are unlikely to be uniformly and specifically coded throughout GP practices.
Treatment persistence is commonly studied using routinely collected data, 21 22 29 such as those used in this study. The strengths we have mentioned-large samples, information on comorbidities and prescriptions-have to be balanced with the overall difficulties in estimating persistence with this data. Assumptions have to be made that patients take their prescribed drugs, and in studies like ours, how often the patient is taking them or the how long the prescription lasts. The point of discontinuation is also not exact in these studies; rather it is inferred by the date on which a prescription was due to end. The time period in which non-persistence is observed (ie, the discontinuation gap in this study was 60 days) can vary between studies; however, this may reflect differences in country-specific healthcare systems and prescribing practices. For these reasons, persistence studies may vary in their design and assumptions which, despite providing valid information, can prevent the direct comparison of results. In particular, this study focuses on patients managed in UK primary care this should represent a large proportion of those with AF as it is common practice to be managed by the GP for chronic health conditions, but it is possible that the inferences drawn from this study are specific to this setting.
There have been few other studies which have examined persistence of OAC use in NVAF. Two studies have assessed persistence in active research settings. First, Beyer-Westendorf et al examined rivaroxaban persistence in participants of a non-interventional NOAC registry in Dresden, Germany. They observed that 85.9% (95% CI 83.3% to 88.1%) of participants were persistent with rivaroxaban at 12 months higher than in our study (73.1% (95% CI 70.0% to 76.2%)). 16 However, the registry included patients with deep venous thrombosis and pulmonary embolism, where rivaroxaban is commonly used as short-term treatment. The elevated persistence may therefore be due to this mixed patient population as well as higher participation and, potentially, persistence in the registry compared with studies of existing real-world data. Second, early clinical trial results from The Assessment of an Education and Guidance Programme for Eliquis Adherence in Non-Valvular Atrial Fibrillation (AEGEAN) study observed a 6 months persistence rate of 90.5% among apixaban users. 30 Few other studies have examined persistence to OACs using routinely collected data such as that used in our study. These data sets reflect the natural path of patient treatment and therefore provide a more 'real-world' insight into OAC persistence. In the US, Zalesak et al 10 conducted a study of persistence with dabigatran and warfarin using US claims data and found similar rates of persistence for dabigatran users at 12 months: 63.3% compared to 66.7% in our study. However, persistence in VKA patients at 12 months was much lower in the US-38.8% compared to 77.8% in our study. Claims data do not include INR test results VKA dose adjustment arises from INR testing therefore claims data potentially underestimates the duration of VKA prescriptions.
Little is known on apixaban persistence, in particular real-world evidence is limited due to apixaban having only recently been licenced for this indication. In Sweden, regional claims data revealed similar rates of persistence at 12 months for apixaban (85.9% (95% CI 81.8% to 90.1%)) vs 82.8% (95% CI 76.8% to 87.9%) in our study) and rivaroxaban (77.4% (95% CI 74.6% to 80.2%) vs 73.1% (95% CI 70.0% to 76.2%) in our study) but higher estimates for VKA (85.0% (95% CI 84.2% to 85.9%) vs 77.8% (95% CI 76.8% to 78.7%)), and dabigatran (74.4% (95% CI 72.3% to 76.5%) vs (66.7% (95% CI 62.6% to 70.7%)). 21 This may be explained by methodological differences in defining drug persistence -while we used a prescription duration-based method, Forslund et al based persistence on the presence of prescription claims in six monthly intervals. They concluded better persistence with VKA and apixaban than rivaroxaban and dabigatran; however, this was based on logistic regression rather than time to event analysis and therefore is unable to infer on changes to persistence over time. Early results from a US claims data study also found better persistence with apixaban. 20 This study revealed differences in the patients who were prescribed different OACs and further highlighted differences between OAC naïve and OAC experienced patients. Particularly, patients given apixaban appeared to have more history of bleeding events and history of stroke. Furthermore, patients who were not naïve to therapy had a higher prevalence of stroke risk factors and bleeding events. The reasons for these differences cannot be elucidated from the data. Physicians may have a preference for NOACs in general because the recent European Society of Cardiology guidelines recommend that NOACs are preferable to VKAs. 31 The transition from prescribing VKA to NOACs is likely to be slow while experience and confidence in the new therapeutic options increases, and this is reflected in the gradual uptake of apixaban over the study period observed in this study. With this recommendation, it is possible that physicians choose to switch certain VKA patients to a NOAC if they have greater comorbidities, particularly those with higher susceptibility to bleeding, as suggested by this study. The differences observed between naïve and experienced patients is likely due to how long the patients had been diagnosed, which was longer in OAC experienced than naïve patients. Differences between patients prescribed different OACs where the differences are associated with an outcome of interest is known as channelling bias in pharmacoepidemiology. Such bias should be considered when examining the comparative safety and efficacy of OACs in stroke prevention. 23 Two key results on persistence emerged from this study. First, the changing pattern of VKA persistence, which was better than apixaban in the initial 2 months, was then poorer than apixaban in the subsequent months. Higher persistence with VKA could be expected due to the regular monitoring when starting VKA treatment, which is needed to ensure that the patient remains within therapeutic range and to establish the correct dose-this monitoring may encourage persistence. However, once settled on treatment and less frequently monitored, persistence may lapse. Another possible explanation is that patients were commonly stopping VKA treatment before the end of the first prescription, which would only be apparent in the data when the first prescription ended. Previous research has shown high non-persistence over 12 months with VKA which would support this theory; 8 9 17 however, there is little known on the persistence in the immediate months after initiation. Another reason could be the familiarity of the prescriber with NOACs that would facilitate an initial VKA prescription and later switch to NOACs in subsequent months. The second finding from this study is that apixaban persistence appeared better than other OACs. A common reason for stopping OAC treatment is the adverse bleeding events and clinical trials have shown lower rates in apixaban users than VKA patients. 9 18 32 Reasons for better persistence cannot be established from this study, but longer persistence could suggest improved tolerability and safety. 17 33 It should also be noted that among the pooled group of OAC naïve and experienced patients, with more statistical power to detect a difference, non-persistence was more likely among rivaroxaban than apixaban after the first 2 months of treatment.
Conclusions
The study highlights key differences in the use of the OACs, and has shown early indications that apixaban users exhibit higher early persistence rates than the other available OACs currently available in the UK. A larger study with longer follow-up of apixaban users is needed to support these findings and to investigate whether there are differences in the risk of adverse outcomes between OACs which could explain differences in persistence.
